Background: There is growing evidence that cognitive training (CT) can improve the cognitive functioning of the elderly. CT may be influenced by cultural and linguistic factors, but research examining CT programs has mostly been conducted on Western populations. We have developed an innovative electroencephalography (EEG)-based brain-computer interface (BCI) CT program that has shown preliminary efficacy in improving cognition in 32 healthy English-speaking elderly adults in Singapore. In this second pilot trial, we examine the acceptability, safety, and preliminary efficacy of our BCI CT program in healthy Chinese-speaking Singaporean elderly. Methods: Thirty-nine elderly participants were randomized into intervention (n=21) and waitlist control (n=18) arms. Intervention consisted of 24 half-hour sessions with our BCI-based CT training system to be completed in 8 weeks; the control arm received the same intervention after an initial 8-week waiting period. At the end of the training, a usability and acceptability questionnaire was administered. Efficacy was measured using the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), which was translated and culturally adapted for the Chinese-speaking local population. Users were asked about any adverse events experienced after each session as a safety measure. Results: The training was deemed easily usable and acceptable by senior users. The median difference in the change scores pre-and post-training of the modified RBANS total score was 8.0 (95% confidence interval [CI]: 0.0-16.0, P=0.042) higher in the intervention arm than waitlist control, while the mean difference was 9.0 (95% CI: 1.7-16.2, P=0.017). Ten (30.3%) participants reported a total of 16 adverse events -all of which were graded "mild" except for one graded "moderate". Conclusion: Our BCI training system shows potential in improving cognition in both English-and Chinese-speaking elderly, and deserves further evaluation in a Phase III trial. Overall, participants responded positively on the usability and acceptability questionnaire.
Introduction
There is growing evidence that late-life cognitive activity may have a protective effect on cognition in the elderly. Cohort studies have found a 40%-50% reduction in the risk of dementia for high-level late-life mental activity after controlling for other covariates, including education. 1 Systematic reviews have also demonstrated the beneficial impact of cognitive training (CT) for healthy elderly 2, 3 and patients with Alzheimer's disease. 4 Cognitive gains from CT have been reported to last up to 5 years; 5 in fact, a meta-analysis has demonstrated that the protective effects of CT on the cognition of healthy elderly can persist years after training. However, the bulk of studies examining the utility of CT programs in elderly have been conducted in Western cultures. It is believed that cultural and linguistic factors may influence the impact of CT. For instance, CT programs that are based on mnemonic strategies for the English language may not be applicable to Chinese-speaking populations. 7 Despite the fact that Chinese is the most commonly spoken language in the world, 8 few researchers have developed and examined the use of CT programs for Chinese-speaking elderly. A literature review yielded only five independent studies thus far examining the efficacy of CT programs in elderly populations in Shanghai, 9 Beijing, 10 and Hong Kong. 7, 11, 12 Singapore is a multiethnic and multicultural society of over 5 million people. The most common ethnic group in Singapore is Chinese (74.2%), 13 and the most common languages spoken and taught in schools are English and Mandarin. Many citizens are bilingual to a large extent; but invariably, most people prefer to use one language or are more proficient in one language. In Singapore, the most frequently spoken language at home among citizens aged 65 years or above is Chinese; in general, the Chinese-speaking group is 1.5 times larger than the English-speaking group here. 14 Furthermore, proficiency in the English language is associated with higher education level among citizens of Chinese ethnicity. The ratio of those who chose English versus those who chose Chinese as their most frequently spoken home language was 1.2 among university graduates, while this ratio was 0.31 among those who attained the equivalent of 12th grade or lower.
In 2010, we developed an innovative brain-computer interface (BCI) computerized CT program. BCI refers to the interfacing of a computer with signals from the neuronal activity of the brain. 15 Electroencephalography (EEG) waves are captured via two dry electrodes on a headband placed approximately on the frontal (Fp1 and Fp2) positions. Our system then utilizes an algorithm to quantify the user's attention level according to these recorded EEG waves. Our BCI system has showed potential in improving inattention symptoms in attention deficit hyperactivity disorder (ADHD) children. 16, 17 In 2013, we initiated a pilot trial to study the potential of adapting our BCI intervention for improving attention and memory in a group of healthy English-speaking elderly. 18 Our CT program showed promise, particularly in improving immediate memory, delayed memory, attention, visuospatial skills, and global cognitive functioning.
In this study, we replicated our previous study on a sample of healthy, predominantly Chinese-speaking elderly, who outnumbered English-speaking elderly in Singapore and tended to have a lower educational level. This study was done to determine the generalizability of our system and training task to a different linguistic population. In particular, our aim was to: a) Determine the usability and acceptability of our BCI system to a group of Chinese-speaking elderly; b) Assess if any concerns are reported by the Chinesespeaking elderly; and c) Obtain a preliminary efficacy signal in a Chinese-speaking elderly cohort to determine the plausibility of a Phase III trial.
Methods
The study design, methodology, training protocol, and outcome measures used in the present study are identical to that used in our previous study, 18 with the following exceptions: a) participants recruited were more proficient in Chinese and preferred the usage of Chinese instead of English; b) training task instructions and outcome measures, including the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), were translated into Chinese; c) some items used in the translated RBANS were modified so that they would be more culturally relevant to the local population.
ethics statement
This study was approved by the National University of Singapore Institutional Review Board. Written informed consent from each participant was obtained prior to study admission. The study were carried out in accordance with approved guidelines (Clinicaltrials.gov registration no NCT01661894).
study design
This study was a double-arm, randomized, waitlist-controlled trial. Intervention consisted of 24 half-hour sessions of our BCI-based CT for 8 weeks (three times a week); the control arm received the same intervention after an initial 8-week waiting period (Figure 1 ). Potential participants were recruited primarily from the Singapore Longitudinal Aging Study (SLAS), an extensive cohort study of elderly participants in Singapore. 19, 20 Additionally, participants were also included by referrals from recruited participants. Participants were qualified for the study if all of the following criteria were met at screening: Chinese ethnicity, predominantly proficient in Chinese, 60-70 years old, Geriatric Depression Scale (GDS) total score of 9, mini-mental state examination (MMSE) total score of 26, global Clinical Dementia Rating (CDR) rating of 0-0.5, could travel to study site without assistance, not diagnosed with neuropsychiatric disorders (such as epilepsy or mental retardation), and were not involved in other clinical research trials at the time of participation (apart from the SLAS). We recruited participants with any level of education -as long as they were literate (able to read and write) in Chinese.
randomization and masking
Participants were randomized into one of the two arms (the intervention arm or the waitlist control arm) via a passwordprotected internet-based randomization program. The allocation ratio was 1:1 stratified by education level. Blocking was utilized in the randomization permuted block scheme. 21 Conference on Harmonisation (ICH) E9 guidelines, the information was concealed from the research team.
Procedure
Prior to the training session, each participant was required to go through a calibration session by answering a series of color Stroop tasks, so that our BCI system could generate an individualized EEG profile that discriminates each participants' attentive and inattentive state. [16] [17] [18] During the Stroop tasks, a word that spells the name of a color was displayed on the computer screen. The color used to display the word however, differs from the word (name of a color) (eg the word "blue" displayed in green font). Two choices are then displayed to the user: one choice is the word itself (eg blue) and the other choice is the name of the color used to display the word (eg green). The participant is required to identify the latter rather than the former. Through these tasks, participants are required to be attentive, and thus, their attentive state would be captured through the EEG device. Participants are also given rest periods that last for 7 seconds each. During the rest periods, they are instructed to relax their eyes and be in an inattentive state.
The EEG data collected in the calibration session was then analyzed using our BCI system to identify the EEG parameters. Our BCI system builds a computational model that employs filter banks to cover the full frequency range of EEG rhythms, together with common spatial pattern filtering to determine subject-specific spatial-spectral patterns in the EEG for discriminating attentive and inattentive states. 17 The system then employed a classifier to transform the patterns into a variable that represents the level of attention. This computation model was then employed in the training sessions, where the incoming EEG data was processed and quantified into an attention score at every 200-millisecond interval. This attention score ranged from 0 (low attention) to 100 (high attention), which allowed the participants to control the computer game based on their attention level. 17 During the training sessions, participants performed a cardmatching memory task in which they had to identify matching pairs of cards that show objects of different categories (eg, animals, vegetables, flags). 18 The categories were to provide a variety of stimulus and did not interfere with the difficulty of the game. They were required to focus their attention (sustain an attention score of above 50 for at least 2 seconds) in order to flip the cards; the higher the attention score, the faster they could flip the cards over. For the memory training, participants were required to remember the matching pairs of cards at each level of the game. All cards were revealed at the beginning of the game for a few seconds. Participants were required to remember the matching pairs after all cards were flipped over. They started at Level 1, where there are three matching pairs (six cards). As they proceeded to a more difficult level, the number of matching pairs increased. To proceed to a new level, participants could not exceed a predetermined maximum number of clicks for the existing level. This predetermined numbers of clicks requirement corresponded to the number of pairing mistakes made. For example, Level 1 of the game consists of three matching pairs and the maximum number of clicks is six in order to proceed to Level 2. If a participant made eight clicks in this level, it would mean one pairing mistake was made and he would be required to replay this level until the passing grade was achieved. The difficulty of this game is determined by the number of pairs to be remembered, starting with three pairs. The number of pairs to be remembered increased as participants progressed to higher levels. The highest level achieved in this study was Level 154, with 12 pairs of cards to be remembered.
The intervention arm underwent training from Week 1 to Week 8. Training sessions occurred three times a week, with each session lasting approximately 30 minutes. Training procedures were identical for the waitlist control arm from Week 9 to Week 16.
As our primary efficacy measure, translated and adapted versions of the RBANS were conducted on participants at Weeks 1, 8, and 16 for the intervention arm; and Weeks 1, 9, and 16 for the waitlist control arm.
The first recruitment of the study started on March 2013 and the last follow-up was completed in December 2013.
Outcome measures
Each participant completed a usability and acceptability questionnaire after their last training session (on the 24th session of training). Participants indicated their agreeableness on seven statements on a scale of 1-7 (1= strongly disagree, 7= strongly agree; Table 1 ). This questionnaire is adapted from IBM's computer usability satisfaction questionnaires. 22 In its original form, the questionnaire is highly reliable to detect usability of the system (r=0.97). Some irrelevant questions (eg, "The information [such as online help, on-screen messages, and other documentation] provided with this system was clear", "The organization of information on the system screens was clear", "This system has all the functions and capabilities I expect it to have") were replaced with more relevant questions (eg, "I will recommend this device to my friends and family", "I think the device is useful in training my memory and attention"). 
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Brain-computer interface training for healthy Chinese elderly for any discomfort experienced after each training session as a measure for adverse events (AE) or serious AEs (SAE). If participants expressed that they experienced discomfort, the research assistant would proceed to complete a standard AE form by asking the participant further details (Table 1) .
Our primary efficacy outcome measure was the modified RBANS. In its original form, RBANS is a comprehensive battery of neuropsychological tests that was developed to assess cognitive status. It is especially sensitive for detecting and characterizing dementia, and comes in four versions or forms. 23 The battery assesses five domains of cognitive function, namely, immediate and delayed memory, language, attention, and visuospatial/construction. 23 In the current study, we used a version of RBANS A that had previously been translated into Chinese and culturally adapted for the Singaporean geriatric population. 24 We then identified and modified items in the remaining three forms of RBANS that may not be culturally relevant to the local population. For example, in the Story Memory components of the various RBANS forms, the American cities and states featured were changed into Asian cities and countries, such as "Miami, Florida" to "Sumatra, Indonesia" in Form B, and "Chicago, Illinois" to "Hokkaido, Japan" in Form C. This step was undertaken as test administrators reported that a sizeable proportion of participants did not recognize or comprehend some of the more culturally specific terms during administration of RBANS in our previous study on English-speaking participants;
18 they believed that this may have affected the participants' performance. After cultural adaptation of items was completed, RBANS forms B, C, and D were then translated into Chinese by a professional translation company that is unrelated to investigators.
To minimize practice effects, different forms of modified RBANS were counterbalanced for administration at different time-points. Modified RBANS assessments were conducted by study assistants trained in the field of psychology. As this was a small pilot study, we found it impractical to blind these assistants. Therefore, this procedure was not implemented. Nevertheless, RBANS is a manual test with standard administration instructions and objective scoring guidelines, and the lack of blinding was not deemed to pose a potential confound to the results of the study.
The primary endpoints were: a) responses on the usability and acceptability questionnaire; b) safety; and c) changes on the total scale index score of the modified RBANS between Weeks 1 and 8 in the intervention and waitlist control arms.
The secondary endpoints were: a) differences between intervention and waitlist control arms in the changes of the five modified RBANS domain scores from pre-to post-training; b) pooled changes for both arms pre-and post-training for both the modified RBANS total scale index score and the five domains; and c) adherence to training protocol, which was defined as the percentage of participants who finished more than 19 of the 24 (80%) training sessions.
statistical methods
A precision (width of 95% confidence interval [CI] ) of approximately ±13% in the estimation of the proportion of participants who gave positive feedback on acceptability, assuming the true proportion was approximately 80%, required a sample size of 32 participants. We also aimed to estimate the preliminary efficacy of the BCI training system at the end of training to determine if a larger scale study is warranted. For this purpose, Simon's randomized selection design was appropriate. A sample size of 32 participants was also determined to assure an 80% probability of accurately selecting the intervention arm as the superior arm (if it is truly superior) compared to the waitlist control arm by a moderate effect size of 0.3. 25, 26 This design was not to confirm the superiority of the intervention arm, but to determine if this arm is worthy of further evaluation in a larger trial.
All data were analyzed using SAS software (v9.3; SAS Institute Inc, Cary, NC, USA). The tests of significance and CIs were based on two-tailed hypotheses. The P-value for statistical significance was 0.05 and all CIs were calculated at the 95% level. The acceptability and safety analysis was conducted on the treated population. The treated population was defined as participants that received at least one session of BCI. We reported the mean and median ratings on the usability and acceptability questionnaire. The evaluation of the treatment safety was based on the AEs reported during the study and numbers and percentages were presented for the pooled data.
All efficacy analyses were performed on the intentionto-treat (ITT) population. The ITT population was defined as follows -as randomized and contactable after randomization. Missing scores were handled using the method of last observation carried forward (LOCF). A per-protocol analysis was also conducted to assess the sensitivity of the ITT results to the method of LOCF. The per-protocol population was defined as follows -as randomized and for whom data concerning efficacy endpoint measures were available.
The differences in the RBANS total scale index scores from Week 1 to Week 8 were compared between the intervention and waitlist control arms using the Mann-Whitney U-test. We estimated the median differences between the two arms and the Hodges-Lehmann CI associated with it. The Wilcoxon signed-rank test was employed to estimate the differences between pre-and post-BCI trainings. For this analysis, data of the five modified RBANS domain scores and the total scale index score from pre-and posttraining assessments were combined across arms. Due to the explorative nature of the study, adjustments for multiplicity were not made for the multiple tests in comparisons of RBANS scores.
Participants
Forty-three participants were screened for eligibility, among which three were ineligible for meeting the exclusion criteria and one failed to complete the screening assessment. A total of 39 participants were randomized, with 21 allocated to the intervention group and 18 to the waitlist control group. Two participants withdrew after randomization (one from each arm); neither received any intervention. One participant from the waitlist control arm was lost to follow-up after randomization. This left a total of 36 participants in the ITT population, with 20 in the intervention arm and 16 in the waitlist control arm. All 20 in the intervention arm received treatment while only 13 in the waitlist control arm completed the control period and received treatment.
The mean age of the participants (12 male, 27 female) was 65.2 (standard deviation [SD]: 2.8) years. The majority of participants (84.6%) had an educational attainment of 12th grade or below, with the rest attaining above 12th grade. The average GDS score was 1.7 (SD: 1.6), with participants in the waitlist control arm scoring slightly higher (mean: 1.9, SD: 1) than participants in the intervention arm (mean: 1.5, SD: 1.4). The average total scores for MMSE were similar between arms, with a mean of 27.6 (SD: 1.6). Fifty-one point three percent of the participants reported themselves as being familiar with computers.
Results

Primary outcome measures Usability and acceptability
The number of participants who completed the usability and acceptability questionnaire was 31. The mean satisfaction rating for all items was 6.4 (median =7 for all items) on a scale of 1= "strongly disagree" to 7= "strongly agree". On the last item "Overall, I am satisfied with the whole system", 90.9% (95% CI: 74% to 98%) of participants gave a positive rating of 4 or more (Table 2) .
safety
Ten out of the 33 treated participants (30.3%) reported a total of 16 AEs over the entire duration of the study. There were five participants in the intervention arm reporting six AEs 
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Brain-computer interface training for healthy Chinese elderly and five participants in the waitlist control arm reporting ten AEs (Table 3) . The most frequently reported AEs were "headache" and "syncope/dizziness" (four participants reported five events) followed by "fatigue" (three participants reported three events). All AEs were given the lowest severity grading of 1 (mild), except for one report of "others -eye strain, tearing", which was given a severity grading of 2 (moderate) by trained research assistants. All AEs except one had resolved either by the end of the same session that they presented in or by the following day without medication or intervention from the research team. The resolution of one AE of mild fatigue was not verified by the research team due to oversight; the participant had reported coming into the session tired due to poor rest the previous night and subsequently did not report any AE in her following session. One participant was advised by her physician to discontinue participation in the study as she had a chronic health problem of low blood pressure, and her physician deemed it more prudent for her to abstain from participating in any research study.
No serious AEs were reported throughout the course of the study.
Change in modified RBANS total scale index score Table 4 .
An exploratory analysis was done to examine the primary outcome according to participants' familiarity with computers. The Hodges-Lehmann estimate of the median difference in the change scores (change in total scale index score on RBANS from Week 1 to Week 8) between arms among subjects who are familiar with computers indicated an increase of 12.0 (95% CI: -2.0 to 26.0, P=0.085) in the intervention arm compared to the waitlist control arm. Among participants who are unfamiliar with computers, the median difference in the change score was 4.0 (95% CI: -5.0 to 14.0, P=0.422) higher in the intervention arm than the control arm.
secondary outcome measures Changes in modified RBANS domain scores
The intervention arm showed improvements in the immediate memory, visuospatial/constructional, attention, and delayed memory domains of the modified RBANS as reported by the Hodges-Lehmann estimate of median differences of pre-and post-training score changes between arms (Table 4) . However, the difference in the delayed memory domain was The three events reported were: "discomfort in the head but not headache" from one subject, and two reports of "eye pain, tearing" from another subject. Abbreviation: Ae, adverse event. 
Pooled analysis
The median (range) of the differences in the modified RBANS total scale index score was 1.0 (-15 to 29; Wilcoxon signed-rank test, P=0.039), indicating a statistically significant difference in median score post-training compared to pre-training, with total modified RBANS scores increasing after an 8-week period of BCI (Table 5) .
The median of the pre-and post-training differences in delayed memory and attention domain scores were also statistically significant, 1.5 (-12 to 34, P=0.008) and 0.0 (-19 to 24, P=0.039), respectively.
The results did not notably differ in the per-protocol analysis.
Adherence
The proportion of randomized participants that received at least one BCI session was 33/39 (84.6%). The adherence rate among participants who received at least one BCI session was 31/33 (93.9%). Of the 20 in the intervention arm that received treatment, 18 satisfied the 80% BCI adherence rate and completed the study; of the 13 in the waitlist control arm, all 13 satisfied the 80% BCI adherence rate and 12 completed the study.
Discussion
Feedback from participants was positive regarding the usability of the system and the perceived efficacy of training, as well as how enjoyable the task was. Participants were also highly motivated to return for training as suggested by the high adherence rate. While AEs were reported, there appears to be no clear indication from the present study that the device poses a risk to users. A majority of participants (70.7%) did not report any AE throughout the entire course of training, and most events reported were of the lowest severity grading of "mild". It is interesting to note that in contrast to the presence of AEs in the present study, there were no AEs reported at all by the English-speaking sample of our previous study using the same system and device. We postulate that this difference could be due to the higher educational attainment (42.9% attained above secondary educational level versus 15.4% in the present cohort) and greater familiarity with computers (80.0% self-reported as being familiar versus 48.7% in the present cohort) of the English-speaking sample. It may be because the educated participants could perhaps better understand the working mechanisms of our system and were more at ease with using it. It is also notable that the most frequent AEs reported were "headache", "syncope/dizziness", 
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Brain-computer interface training for healthy Chinese elderly and "fatigue", which could reasonably be due to an extended period of sustained concentration rather than to usage of the device per se. Nevertheless, we will continue to rigorously monitor safety outcomes in our future trials.
In terms of preliminary indications of efficacy, the differences in the change score of the modified RBANS total scale index score from pre-to post-training between the intervention and waitlist control arms was statistically significant. It is remarkable that statistical significance was achieved despite the small sample size of our pilot trial, and can be taken as highly promising evidence for the efficacy of our intervention. As further support for this, differences in the modified RBANS total scale index score pre-and posttraining were likewise found to be statistically significant when data from both arms were pooled, with scores improving after training.
It is also notable that differentiated improvements in the modified RBANS domain scores were achieved, with statistically significant improvements found in domains that our intervention was targeting, namely memory and attention. This suggested that our training task was specific and valid. In particular, the intervention arm demonstrated statistically significant improvements in delayed memory pre-and posttraining as compared to the waitlist control arm; pooled data showed that improvements in attention and delayed memory pre-and post-training were statistically significant. Improvements in immediate memory and visuospatial/construction were also found to be positive pre-and post-training, though these did not reach statistical significance. In our previous study of English-speaking elderly, we postulated that though our training did not directly target visuospatial/construction skills, participants could have honed attentiveness to graphic stimuli due to the nature of our training tasks, which rely heavily on visuospatial memories of pictures, resulting in incidental gains in this domain. As expected, there were no changes pre-and post-training in the language domain, as the training task neither targeted nor depended on language. At this point, it may be interesting to note our previous study on English-speaking participants showed a similar trend of results, with pooled data manifesting statistically significant improvements pre-and post-training in all domains except for language. It appears that language does not play a large role in the effect of our CT as long as clear instructions were given in the participants' dominant language. Statistical analysis to compare and contrast the results from English-and Chinesespeaking subjects is not feasible due to the incomparable nature of the modified RBANS outcome measure. Unless validation studies have been done to demonstrate equivalence of these two versions, it is not statistically sound to combine the results into one statistical analysis for comparison.
The main limitation in our study is that the adapted and translated RBANS forms B, C, and D were not validated or normed. Due to the lack of norms, raw test scores of the Chinese-speaking participants in the present study are not 
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lee et al directly comparable to the scores of the English-speaking participants in our previous study. However, RBANS is the only comprehensive neuropsychological assessment tool that consists of parallel versions to minimize practice effect in a repeated measurement setting. We were not able to find validated tools in Mandarin that suited the purpose of our study. While there exists a validated version of form A translated in Shanghai, the People's Republic of China, 27 it is not linguistically appropriate for our local population, as the grammatical structure and vocabulary used are catered toward the mainland Chinese population. There is also a locally translated and adapted version of RBANS, but only form A was translated. This version is normed and validated, and has shown similar validity with the original English RBANS form A in the local population. 24 Thus, we decided on this version and got a local professional translation company to translate forms B, C, and D of RBANS in a culturally relevant manner. The translation process of forms B, C, and D ensured their "face validity". 28 Furthermore, as the four translated forms have been randomized and counterbalanced across participants and time-points, there is little chance of systematic bias due to the assessment tools.
An exploratory analysis revealed familiarity with computers may play a role in the improvements following CT. This factor has not been examined in the literature but it warrants further examination in our upcoming larger trial.
As the purpose of this pilot study was to determine the usability, safety, and preliminary efficacy as an assessment of value for a future larger trial, the relatively small sample size is not considered to be a limitation.
Conclusion
In conclusion, the combined findings of our previous and current pilot studies suggest that: i) our BCI system, device, and training program are deemed acceptable and easily usable by both English-speaking and Chinese-speaking elderly; ii) safety concerns, while reported only by the Chinese-speaking elderly, remain low in frequency and mild in nature; and iii) preliminary efficacy signals are promising. This intervention is deemed suitable to proceed to an efficacy trial with larger statistical power according to Simon's randomized design, 24 which aims to discern if an intervention is worthy of further evaluation. In this larger trial, which is scheduled to begin in 2015, we plan to broaden our sample to include participants with mild cognitive impairment and early dementia. We also plan to include functional magnetic resonance imaging scanning and gene analyses so as to examine possible changes in the brain that may occur due to CT, as well as identify any potential factors (eg, familiarity with computers) that may aid or hinder individuals in progressing and benefiting through late-life CT. Knowledge of these aspects may aid researchers in designing more personalized and targeted CT interventions for the elderly.
